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Abstract
Noise is a common hazard for the military. The Department of Defense has set an
Occupational Exposure Limit for noise at 85 dBA. The Air Force manages exposures using similar
exposure groups (SEGs) which are formed at each Air Force Base. The purpose of this study was to
compare the noise levels in SEGs in two Air Force bases across distance and time, and to review the
effectiveness of the Air Force Hearing Conservation Program over distance and time. The SEGs
chosen were Combat Arms Training and Maintenance (CATM) at Moody Air Force Base and
MacDill Air Force Base because of potential for high noise levels.
Noise dosimetry was obtained for Moody Air Force Base at two separate reports at two
separate times. For MacDill Air Force Base, noise dosimetry was obtained through a previously
published thesis (Krusley, 2016). Individual time weighted averages were obtained for each
individual belonging to the CATM SEGs. The time weighted average (8 hour TWA) was compared
to the Occupational Exposure Limit. For comparison purposes, time weighted averages were
averaged for all individuals per base per the time they were collected.
Two of Moody Air Force Base’s noise dosimetry results were compared to one of MacDill
Air Force Base’s results. Moody Air Force Base’s 2017 average was 101.7 dBA. Moody Air Force
Base’s 2009 average was 102.3 dBA. MacDill Air Force Base’s 2008 – 2009 average was 103.8 dBA.
The range for noise dosimetry TWA results for Moody AFB in 2017 was 101.0-102.2 dBA. In 2009,
the noise dosimetry TWA result range for Moody AFB was 101.6-103.0 dBA. MacDill AFB’s noise
dosimetry TWA range results was 99.5-108.9 dBA. These results show consistency in the Air Force’s
ability to perform workplace characterization based on processes performed and exposures. The Air
Force is also consistent with program management of the hearing conservation program.

vi

Introduction
Military members have been exposed to hazardous noise levels since World War II (Nixon,
1998). It was not until 1941 that personnel were studied to really understand communication and
performance in the military (Nixon, 1998). The creation of Occupational Health and Safety
Administration (OSHA) further stressed the importance of employers providing and ensuring a safe
and healthy working environment for those they employ. OSHA regulations do not apply to the
military but are subject to Department of Defense Instruction (DODI): DOD Safety and Occupational
Health (SOH) Program Number 6055.01. Although those who serve knowingly do so with the inherited
awareness of the potential loss of life and the degradation of their health and wellbeing, it is still of
importance to protect in any way possible. Each military branch has specialized occupational
medical teams responsible for providing preventative measures, medical care, and tracking
longitudinal records. While this has provided a framework to find innovative ways to protect military
members while still maintaining mission operations, adverse health effects still occur.
Before personnel young men and women joined the military, they are screened and only
accepted if they are in optimal health. As military members get ready to separate and retire, they are
medically screened once again. This provides the member and their primary care provider with a
picture of their current health status. This medical information is then used when the member files a
disability claim with through the Veterans Benefits Administration (VBA) by the Veterans Affairs
(VA). Their longitudinal record is used to substantiate the validity of the member’s claim. As of
2018, tinnitus and hearing loss have been the most prevalent service connected (SC) disabilities of all
compensation recipients (VBA Annual Benefits Report FY 2016, 2016; VBA Annual Benefits
Report FY 2018, 2018). In fact, the last 3 VBA reports have consistently showed that auditory
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holding the number two spot for number of SC disabilities of all compensation recipients (VBA
Annual Benefits Report FY 2016, 2016; VBA Annual Benefits Report FY 2017, 2017; VBA Annual
Benefits Report FY 2018, 2018).
The Air Force Medical Service (AFMS) currently is comprised of five distinct corps,
biomedical sciences, dental, medical, medical service, and nurse corps. All of the corps are part of
the medical group. Each corps has enlisted technicians and commissioned officers. The Biomedical
Science Corps (BSC) houses Bioenvironmental Engineering (BEE) flight. BEE flight acts as a health
risk assessor and liaison to the commander to help them protect their workers where Department of
Defense (DOD) personnel live and work (AF Specialty Code 4B0X1 BE, 2018).
BEE technicians are enlisted personnel that have been fully trained to their corresponding
rank. BEE technicians collect occupational health and safety data for longitudinal records in an
effort to protect the health and safety of DOD personnel. Their work is assigned and reviewed by
program managers that are usually non-commissioned officers (enlisted personnel). Surveys contain
qualitative and quantitative data to protect workers and eliminate hazards. These surveys are signed
off by officers who is either the flight commander or element chief (AF Specialty Code 4B0X1 BE,
2018).
Data collected by BEE technicians is done in a meticulous specific professional manner.
Equipment is always checked to be fully functional, powered, calibrated before, and after the survey.
During shop visits, BEE technicians brief the personnel in the corresponding work areas/shops.
Personnel protective equipment (PPE) ensembles are noted. When it comes to noise source surveys
and noise dosimetry, BEE technicians let personnel know the purpose of the survey and how the
devices do not record voices or conversations. When noise dosimetry is performed, they are
specifically briefed not to shout into the dosimeter or mishandle/abuse government property. The
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noise dosimeter is turned on by the technician. When available, the BEE technician locks the front
panel of the dosimeter or covers it with its designated protector or cover. Personnel are given
activity logs to document the type of work performed as well as breaks during noise dosimetry
throughout the day. When possible, diagrams or pictures are obtained or taken. Shop supervisors
and or team leaders are also made aware of these protocols and ensure they are followed. At the end
of the work shift, noise dosimeters are picked up, checked for any damage, activity logs are
collected, personnel are thanked for their cooperation, and are briefed that their results will be made
available soon. At the BEE office, technicians perform data entry into the DOD database, Defense
Occupational and Environmental Health Readiness System (DOEHRS) and generate survey letters
for the shop. DOEHRS is used to track all DOD personnel exposures during their normal duty
stations and during deployments. DOEHRS data is extracted for work area surveys, individual
longitudinal exposure record (ILER) as well as VA claims (AFMS, 2018). Within DOEHRS, the
BEE flight creates shops and identifies them by workplace identifiers (WPID). BEE further
classifies WPIDS by similar exposure groups (SEG), when appropriate. The creation of SEGs in
DOEHRS ensures medical surveillance is performed on personnel that need it and properly
managing resources (AF Specialty Code 4B0X1 BE, 2018).
The SEGs chosen were the Combat and Arms Training and Maintenance (CATM) of
Moody Air Force Base (AFB) in Georgia to MacDill AFB in Florida. CATM personnel are
comprised of firing range instructors from Security Forces Squadron (SFS). Firing range instructors
train personnel on base on weapons that need to be qualified before they are able to deploy. A
picture of the firing range at Moody AFB is located in Appendix A. CATM is a specific SEG of the
SFS is found at every AFB. SFS is responsible for defending and providing security for the
installation. This study follows, What Percentage of the Security Forces at MacDill AFB Experience Exposure
to Noise in Excess of the OSHA PEL and the Air Force OEEL? (Krusely, 2016).
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Moody AFB is home to the 23rd Wing and the 93d Air Ground Operations Wing. The
assigned aircraft are the HH-60G Pave Hawk, HC-130J Combat King II, and the A-10C
Thunderbolt II. Besides war time operations, these aircraft support civil search and rescue, medical
evaluation, disaster response, humanitarian, recovery operations, and noncombat evacuation
functions. Moody AFB is comprised of about 5,500 military and civilian personnel to include
geographically separated units. The total economic impact of Moody AFB is $749 million. The
Bioenvironmental Engineering Flight belongs to the 23rd Medical Group which delivers
occupational, environmental, medical, dental, and preventative healthcare services for the two
combat ready wings.
The purpose of this study was to compare the noise levels in SEGs in two Air Force bases
across distance and time, and to review the effectiveness of the Air Force Hearing Conservation
Program over distance and time. Noise exposures of CATM SEGs were compared to a previous
thesis completed at University of South Florida (USF) (2016) to newly obtained data from Moody
AFB.
The specific aims were to:
1. Assess the data collection methods questioned in a previous study.
2. Review data previously collected for CATM at Moody AFB in at two separate times.
3. Compare the noise exposures for CATM at Moody AFB to CATM at MacDill AFB,
through distance.
4. Make a determination of the differences through distance and time, if any.
5. Review the effectiveness of the Air Force’s Hearing Conservation Program.
The USF Institutional Review Board (IRB) determined that this study did not require their approval
because no human subjects were personally used for this study. The IRB letter of determination is
presented as Appendix B.
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Literature Review
The OSH Act of 1970 paved the way to protect individuals from occupational hazards
(OSH Act of 1970, 2004). In the U.S., noise is commonly seen as an occupational hazard (Kurabi et
al., 2017). When people are exposed to damaging noise levels, hearing related injury and disease may
occur (Occupational Noise Exposure, 2020). An estimate done by the Centers for Disease Control
(CDC) is that there are 22 million workers exposed to hazardous noise levels on an annual basis
(Occupational Noise Exposure, 2020). OSHA has set a permissible noise level of 90 dBA for all
workers during an 8 hour work shift and set the action level at 85 dBA. Meaning, once exposure
occurs at 85 dBA in a TWA, those exposed should be enrolled in a hearing conservation program.
In the U.S., noise induced hearing loss (NIHL) is an occupational disease (Nelson et al., 2017).
Hearing loss is preventable (Occupational Noise Exposure, 2020). Most civilian workplaces in the
US and some territories are protected and subject to OSHA (OSH Act of 1970, 2004).
For occupational health and safety of military and civil service personnel, they are protected
and subject to instructions by the Department of Defense (DOD). DOD Instruction (DODI)
6055.01 is the Safety and Occupational Health program (DODI, 2018). For hearing, military and
civil service fall need to be in compliance with the DODI 6055.12 Hearing Conservation Program
(HCP) (DODI, 2019). Each military branch manages their programs differently but must minimally
meet the requirements of DODIs (Gordon et al., 2017). In the Air Force, the occupational program
follows Air Force Instruction (AFI) 48-145, Occupational & Environmental Health Program Management
(AFI, 2018). The program is managed by AF Manual (AFMAN) 48-146, Occupational & Environmental
Health Program Management (AFMAN, 2018). For hearing, airmen are managed by AFI 48-127,
Occupational Noise and Hearing Conservation Program (AFI, 2016). This publication can be found in
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Appendix C. The Air Force follows the DOD threshold level at 80 dBA, an exchange rate of 3 dB
(AFI, 2016). The criterion level, hearing protection, and enrollment to the HCP is required at 85
dBA (AFI, 2016). This is their Occupational Exposure Limit (OEL) (AFI, 2016).
The military population and federal agency personnel are especially at risk to hazardous
noise levels leading to NIHL (Brueck et al 2014; Gordon et al., 2017; Kurabi et al., 2017; Manning et
al., 2017). Within the military community, those working with weapons, artillery, blasts, and heavy
equipment are especially at risk for hearing loss and hearing related injury (Brueck et al 2014; Kurabi
et al., 2017; Yankaskas, 2013). A health hazard evaluation conducted by NIOSH found that firing
range instructors are exposed to impulsive noise at peak sound pressure levels greater than 150 dB
(Brueck et al 2014). Additionally, ototoxic compounds can also contribute to hearing loss (Gordon
et al., 2017; Kurabi et al., 2017). Several studies found that those deployed to recent conflicts in Iraq
and Afghanistan experience higher rates of hearing loss, tinnitus, and both compared to military
member that have not deployed to those areas (Gordon et al., 2017; Manning et al., 2017; Swan et
al., 2017). Diagnoses seen with hearing loss and tinnitus was traumatic brain injury (TBI), posttraumatic stress syndrome (PTSD), and comorbid sensory dysfunction and head related aches were
strongly associated with auditory dysfunction (Swan et al., 2017; Yankaskas, 2013). Yankaskas (2013)
found that an increased correlation between NIHL and tinnitus in military members.
Measures to prevent hearing related injury have been placed to protect military members but
not without difficulty. Efforts with engineering controls have been achieved in some environments
but can be challenging depending on each mission (Brueck et al 2014; Kurabi et al., 2017). Hearing
protective devices are a widely use protective measure (Brueck et al 2014; Gordon et al., 2017;
Kurabi et al., 2017; 2017; Le Prell & Clavier, 2017; Manning et al., 2017). The issue with the use of
hearing protective devices is that they may block hazardous noise levels but can also prevent critical
communication within team members as well as hearing and detecting auditory signals from
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equipment (Yankaskas, 2013). The use of hearing protective devices has been seen less in more
hazardous environments while members are deployed (Gordon et al., 2017; Manning et al., 2017;
Swan et al., 2017). Additionally, it may impair speech intelligibility (Yankaskas, 2013). Speech
intelligibility is how clearly a speaker is understood to their listener (Coppens-Hoffman et al., 2017).
To face the communication challenge, there has been a wide use of tactical communication and
protective systems (TCAPS) (Manning et al., 2017). These devices provide hearing protection but
with the added advantage of a microphone and headset to enable communication (Manning et al.,
2017).
It is important to understand some fundamentals of to fully understand, manage, and
prevent hearing loss. The anatomy of the ear is comprised of the outer ear, middle ear, inner ear, and
the acoustic nerve. The outer ear is the most visible portion, called the pinna or auricle. This portion
directs sound into the ear canal. The bowl shaped part of the outer ear is the concha. The middle ear
is comprised of the tympanic cavity which houses the ossicular chain. This chain is made up of the
malleus, incus, and stapes. The stapes is connected to the oval window. This chain is connected to
the Eustachian Tube which connects to the nasopharynx. In the inner ear, hearing and balance
occurs. The cochlea is responsible for hearing. The cochlea is housed in the otic capsule. This
capsule contains the oval and round window. The end of this chain leads into the membranous
labyrinth. The inner ear contains two liquids, endolymph and perilymph. As fluid moves within the
inner ear, the membranous labyrinth does too. The Organ of Cortis, comprised of hair cells called
stereocilia and supporting cells, is attached to the membranous labyrinth. At the end of the inner ear
is the auditory nerve. It is responsible from translating motions of the inner ear to electrical signals
to the brain (Hutchinson and Schulz, 2017).
Sound begins with vibrations in the air. A healthy young human can hear sound at
frequencies from 20 to 28,000 Hertz (Hz). As sound travels, it makes it to the external auditory canal
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through the outer ear. Sound then makes its way to the eardrum or tympanic membrane. The
eardrum then vibrates with agitates structures in the middle ear. Sound then makes its way into the
inner ear, where movement promotes cell movement to the delicate hair cells. This process ends
with the translation and interpretation of electrical impulses to the brain (Hutchinson and Schulz,
2017).
According to Kurabi et al. (2017) emphasized their study on how hearing loss occurs with
cellular mechanisms. This study was founded on the premise that as chemical reactions are seen
during damage and death of hair cells (HC), there are opposing means to counter to balance such
exchanges. It is common practice to concentrate less on the individuals and results with temporary
threshold shift (TTS). There are recent results that suggest that TTS is the acclimatization of the
purinergic receptor (P2RX2). This gene is associated to diseases like deafness and sensorineural
deafness (P2RX2 Gene, 2020). This adjustments protects damage to the cochlea. When TTS reaches
up to 50 dB, recovery can also occur to normal threshold levels with time. There are studies that
suggest metabolic overstimulation can contribute to temporary changes in threshold after exposure
to noise. Free radicals have been observed to cause chemical damage to DNA, proteins and
intracellular processes. Free radicals have been seen in the cochlea after exposure to hazardous noise
levels and ototoxic compounds. Reactive oxygen species (ROS) has been recognized in tissue of the
cochlea right after exposure to noise. This reaction proposes that free radicals appear in the
beginning phases of damage to the HC. ROS has been stubbornly seen in the cochlea 7-10 days after
exposure to noise. A byproduct of ROS is the cochlea contains lipid peroxidation, producing highly
toxic substances. Free Ca 2+ has also been observed in the cochlea after noise exposures. This
presence is a protagonist in damage and death of HCs. When the cochlea is overwhelmed, it is not
able to recover. This is where hearing loss becomes permanent (Kurabi et al., 2017).
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Advances in pharmacology suggest promising results to preventing damage to HC.
Experiments on animals have resulted in treatment of TTS with antioxidant D-methionine. The
extracellularly kinase (EPK) has been associated with cell survival and multiplication of surrounding
tissue. EPK has also been connected with growth factors. Alternative routes to the promotion of
protein grown are phosphatidylinositol 3 kinase, protein kinase C, and protein kinase B. Another
animal study found that by blocking the PI3K/AKT (protective molecules phosphinositol 3
kinase/protein kinase B) signal, it promoted heightened sensitivity to NIHL. Although these are
promising beginning in therapies in animal studies, they have not been yet performed on humans
(Kurabi et al., 2017).
Military members face many challenges after deployments. Upon return, they are either
treated and rehabilitated to continue their service or separate or eventually retire (Gordon et al.,
2017). When military members leave their branch of service, they are entitled to care under the
Veterans Affairs (VA). Hearing loss has been a top disability claim among veterans (Gordon et al.,
2017; Le Prell & Clavier, 2017; Nelson et al., 2017). Veterans experiencing hearing loss have been
reported at 1,015,305 for FY 2015 (Gordon et al., 2017). That same year, the VA spent $298M on
hearing aids, batteries, and repair (Gordon et al., 2017). It is important to prevent and treat military
members and veterans for hearing loss and hearing related injuries. Not only for the proper
management of resources but also to prevent comorbidities in veterans such as isolation, depression,
and affect job performance (Nelson et al., 2017). Additionally, the amplification of sound in TCAPS
shows the potential to retain valuable service members experiencing some hearing loss on duty
(Manning et al., 2017).
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Methods
The data presented in this study were collected on CATM by AF personnel. At Moody AFB,
noise dosimetry was collected at CATM on August 8th, 2017 (on two individuals). As a result of
these 2017 noise dosimetry findings, United States Air Force School of Aerospace Medicine
(USAFSAM) conducted an Acoustical Evaluation at Combat Arms Firing Range at Moody AFB on
July 5th through the 7th of 2017. A copies of the acoustical evaluation is located in Appendix A. On
May 27th, 2009, noise dosimetry was performed on three individuals.
At MacDill AFB, noise dosimetry was accomplished by AF personnel on CATM. Noise
dosimetry was collected on November 18th and 19, 2008. This was done on two individuals. On
January 23rd, 2009, noise dosimetry was collected on one individual. These results were part of one
report. This report was analyzed by Krusley (2016).
Per AFI, the dosimeters were set to slow response and a 3 dB exchange rate. The dosimeters
were on CATM firing range instructors and were worn for their 8 hour shift. The list of dosimeters
used is located in Appendix C. The noise dosimeters calculated individual TWAs. The calculated
TWAs for personnel exposures were compared to the AF OEL of 85 dBA. Weapons used for both
CATM locations were also annotated and compared. Noise dosimetry for CATM at Moody AFB
collected 2017 and 2009 was compared Krusley’s noise CATM dosimetry data collected in 2009.
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Results
The results are broken down by Air Force Base and then by the year it was collected. Tables
I, II, and III show the noise dosimetry results in TWA, the OEL, and the difference between the
TWA and the OEL.
TABLE I. 8 Hr TWA Noise Dosimetry Results Moody AFB CATM 2017.
Date Collected

Dosimeter

TWA (dBA)

AF OEL
(dBA)

Difference (dBA)

8-Aug-17
8-Aug-17
8-Aug-17

NoisePro 3M Edge 1
NoisePro 3M Edge 2
NoisePro 3M Edge 3

102.2
101.0
101.9

85
85
85

17.2
16.0
16.9

TABLE II. 8 Hr TWA Noise Dosimetry Results Moody AFB CATM 2009.
Date Collected

Dosimeter

TWA
(dBA)

AF OEL
(dBA)

Difference (dBA)

27-May-09
27-May-09

NoisePro DLX 1
NoisePro DLX 2

103.0
101.6

85
85

18.0
16.6

TABLE III. 8 Hr TWA Noise Dosimetry Results MacDill AFB CATM 2008-2009.
Date Collected

Dosimeter

TWA (dBA)

AF OEL
(dBA)

Difference (dBA)

18-Nov-08
19-Nov-08
23-Jan-09

Quest Edge 1
Quest Edge 2
Quest Edge 3

103.0
99.5
108.9

85
85
85

18.0
14.5
23.9
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The Figure below shows all noise dosimetry results at both Air Force Bases compared to the AF
OEL.

Noise Exposures v AF OEL
TWA (dBA)

85 (dBA) OEL

120.0

dBA

100.0
80.0
60.0
40.0
20.0
0.0
Moody AFB 2017 Moody AFB 2017 Moody AFB 2017 Moody AFB 2009 Moody AFB 2009 MacDill AFB 2008 MacDill AFB 2009 MacDill AFB 2009

Air Force Base and Year

FIGURE 1. Noise Dosimetry Results Compared to AF OEL 85 dBA.
For the purpose of comparison, TWAs was averaged for each AFB. Table IV shows the averaged
TWA results.
TABLE IV. Averaged TWA per Air Force Base

Air Force Base

Year Sampled

n

Moody
Moody
MacDill

2017
2009
2008-2009

3
2
3

Averaged
TWA
(dBA)
101.7
102.3
103.8

To compare the TWAs, the percent error calculation was used where E is the experimental value
and S is the accepted value:
% error = (E-S / S) x 100
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Table V shows the percent error results for the TWAs for each AFB per year.
TABLE V. TWA percent errors per AFB per year.
Air Force Base and
Year

Averaged TWA
(dBA)

Gold Standard
(dBA)

% error

Moody 2017
Moody 2009
MacDill 2008-2009

101.7
102.3
103.8

103.8
103.8
103.8

2.02
1.45
0.00

Figure 2 shows weapons that are commonly used at CATM SEGs.

(a)

(b)

(d)

(c)

(e)

(f)

FIGURE 2. Weapons Diagram
(a) M4, (b) M9 (c) M240, (d) M870, (e) M16A2, (f) M249
(Sources: Special Operations – Weapons, 2020; Turbosquid, 2020).
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The weapon inventories for each CATM shop in each AFB was compared. Table VI shows this
comparison.
TABLE VI. Weapon Inventory for MacDill AFB and Moody AFB by Year.
Weapon

Photo
Letter

Moody AFB 2017

Moody AFB
2009

MacDill AFB
2008-2009

M4
M9
M240/B
M870
M-16A2
M249

(a)
(b)
(c)
(d)
(e)
(f)

Y
Y
Y
Y
N
N

N
Y
N
N
Y
Y

N/A
N/A
N/A
N/A
N/A
N/A

Table VII shows the weapons for which sound pressure levels (SPL) were recorded by AF
personnel. The report is included in Appendix A. Note that this does not include all weapons from
Table VI.
TABLE VII. SPL for Some of the Weapons

Weapon

Peak-Pressure Levels
without Hearing
Protection (dB)

Peak-Pressure
Levels with
Double Hearing
Protection (dB)

M4
M9
M240
M870

159
153
158
155

127
121
126
123
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Table VIII shows the specifications for each weapon system used in CATM.
TABLE VIII. Weapon Specifications
Weapon

Category

Weight (when
empty in lbs)

Max
Muzzle
Rate of
Velocity
Fire
(ft/s)
(rpm)

Max
Range
(m)

Length (in)

Barrel
Length (in)

Caliber
(mm)

Action

14.50

5.56x45

gas operated, direct
impingement

950

2,900

600

M4

rifle

5.9

33
(stock
extended)

M9

pistol

2.1

8.54

4.90

9

semi-automatic pistol

N/A

1,230

-

M240/B

medium
machine
gun

22.3-27.1

49.70

24.80

7.62x51

gas operated, open bolt

950

2,800

3,725

M870

shot gun

7.0-8.0

37-45

10.0-18.0

12
(gauge)

pump action

N/A

N/A

40

M-16A2

rifle

7.18

39.5

20.00

5.56x45

air cooled, gas operated

700950

2,800

550

M249

light
machine
gun

18.0

40.74

18.00

5.56x45

gas-operated, open bolt

800

3,000

3,600

(Sources: Special Operations – Weapons, 2020; Turbosquid, 2020)
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Discussion
The Air Force Hearing Conservation Program is part of the Occupational and
Environmental Health Program. The goal of the program is to protect the workers from injury
inflicted from hazardous noise as they perform mission essential duties. The program strives to
protect personnel while fulfilling duties needed to complete mission goals. When it is not feasible to
eliminate the hazardous noise levels through an engineering or administrative control, they are
reduced through PPE use. Hazardous noise is identified through equipment, weapons, munitions
and other systems. Reduction and protection from hazardous noise levels is obtained through
engineering, administrative, and or personal protective equipment. Guidelines of responsibilities,
program management, and medical surveillance is explained. The threshold level is 80 dBA. Hearing
protection is required when equipment and exposures reach 85 dBA. Enrollment in the hearing
conservation is required when an 8 Hr or equivalent exposure times is 85 dBA. The maximum is 115
dBA. Impulsive noise levels should be reduced to under 140 dB SPL. In this study, an impulsive
noise assessment was only obtained for one AFB for one year. The Air Force Hearing Conservation
program is located in Appendix C (AFI, 2016).
As military personnel accept some risk as they enter service, it is imperative for medical
personnel, supervision, and organizations within and out of the military to employ preventative,
protective, and treatment measures auditory disease and injury. When reviewing noise exposure
results, published studies should be considered. Manning et al. (2017) found that the use of TCAPs
are a measure to keep valuable military personnel if NIHL is experienced. Kurabi et al. (2017) found
that even TTS can lead to permanent hearing loss. Kurabi et al. (2017) also argues that as hearing
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loss happens at a cellular level, opposing mechanisms can be found to prevent hearing loss. As
hearing loss is so commonly diagnosed in the military, preventative and treatment innovative
methods should be explored.
CATM is comprised of firing range instructors in the SEG within the SFS. CATM performs
the same task at each AFB. CATM uses similar weapons at each AFB in an indoor, outdoor, or
partially indoor/outdoor firing range. The personnel are trained the same. Similar protocols are
following during instruction, training, and maintenance at each CATM SEG.
In the same manner, BEE personnel are responsible to anticipate, recognize, evaluate, and
control hazards at each workplace identifier at each AFB. Workplace identifiers are categorized by
tasks and hazards performed and if needed, SEGs are formed. Data are qualified and quantified to
minimize and control exposures through health risk assessments. Recommendations and controls
are based on Department of Defense instructions and Air Force instructions. Results of data
collection on special surveys, like noise dosimetry, are presented on a survey. The survey is delivered
and briefed to the personnel the data was collected on. These data are also entered, tracked, and
archived in the DOEHRS database. These data become part of the personnel’s longitudinal medical
record. These data serve as support for injury or disease of personnel while active duty and as
personnel leave active duty and or retire. These data serve as record for potential VA SC disability
claims.
This study found that exposures at both Air Force Bases in both time periods were in excess
of the OEL if hearing protection was not used. The AF is stringent on its double hearing protection
use, as well as other HCP requirements, when the TWA is found in excess of the OEL. The AF
estimates that the reduction is 32 dB. These make individual TWAs at all AF Bases ranging from
67.5 – 76 dBA thus, not overexposing individuals over the OEL. Impulsive noise was reduced to
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121 – 127 dB thus, not exceed the limit of 140 dB. The impulsive noise results are consistent with
the health hazard evaluation conducted for federal firing range instructors (Brueck et al 2014).
While there may be slight differences in weaponry at different locations at separate times,
similarities exist in pistols and rifles comparable to the ones presented earlier. Analogous protocols
are followed at each firing range in the CATM SEGs. The results for Moody AFB 2017 and 2009
over time are similar and similar to MacDill AFB in 2008 - 2009 over distance. Using the highest
TWA as a gold standard of 103.8 dBA (MacDill AFB 2008-2009), a percent error was calculated for
each AFB. For Moody AFB 2017, the percent error was 2.02%. A 1.45% was calculated for Moody
AFB for 2009. These results combined with consistency in program management lead to similar
results through distance and time as a similar HCP was in place throughout.
There are weaknesses to this study. There was a small number of personnel monitored at
each Air Force base. Only two Air Force bases were used. Specifications on the firing range were
not available for each Air Force base and year. A complete inventory of weapons was not available
for each Air Force base. Additional details on such can provide a better picture on comparative
basis.
Future research should include a review in comment to the written of the Air Force Hearing
Conservation Program. A larger sample sizes of personnel monitored should be obtained. A
inventory on weapons should be included. More Air Force bases should be included. It may be
beneficial for impulsive noise studies to be conducted at firing ranges across the Air Force. An
evaluation of the true exposure to the worker wearing double hearing protection. Specifications of
the firing range should be included as sound levels produced by weapons change based on the
milieu.
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Conclusion
The purpose of this study was to compare the noise levels in SEGs in two Air Force bases
across distance and time, and to review the effectiveness of the Air Force Hearing Conservation
Program over distance and time. The comparison showed similar results (within 2% error) of 101.7,
102.3, and 103.8 dBA. The results are similar across two Air Force bases, at two different times for
Moody AFB and in one year for MacDill AFB. This shows the effectiveness of the Air Force
Hearing Conservation Program, which uses double hearing protection, reduces levels to 69.7, 70.3,
and 71.8 dBA. Double hearing protection also reduced impulsive noise to 121 – 127 dB. While
weapons may change over time, firing ranges may change to reduce noise levels through design.
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Appendix A: Bioenvironmental Engineering Memorandums and Reports
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Appendix D: List of Equipment
2017 Equipment
Noise Dosimetry Equipment
Calibrator Model QC-10
S/N: QIM090060
NoisePro 3M Edge 5 Dosimeters
S/Ns: ESM040040, ESM040039, and ESM040032
Quest Technologies
TSI Incorporated
500 Cardigan Rd
Shoreview, MN
Acoustical Evaluation Equipment
Bruel & Kjaer PULSE Analyzer
Type 3052-A-030
S/Ns: 3052-105153, 3052-105137
Skodsborgvej 307
DK-2850 Naerum
Denmark
Bruel & Kjaer Microphone
Type 4138-A-015
S/Ns: 2831292, 2831293, 2831294, 2831295, 2831297, and 2831298
Skodsborgvej 307
DK-2850 Naerum
Denmark
Quest Calibrator
Model QC-10/QC-20
SNs: LH826 and F073253
Quest Technologies
TSI Incorporated
500 Cardigan Rd
Shoreview, MN
Noise Sources
M4
M9
M240
M870
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2009 Equipment
Calibrator NoiseProDLX
Model QC-10
S/N: QIG090125
Noise Dosimeters
NoisePro DLX Dosimeters
S/Ns: NXG100026, NXG090063
Quest Technologies
TSI Incorporated
500 Cardigan Rd
Shoreview, MN
Noise Sources:
9mm Pistol
M16A2 Rifle
M 240B Machine Gun
M249 Automatic Rifle
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